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ABSTRACT 

Ultraviolet  radiation  (UVR)  has  been  demonatrated  to 
be  involved  in  a  number  ol  adverse  ocular  eifecta.  One 
aspect  of  UVR-induced  corneal  stress  only  recently 
documented  Is  an  alteradon  of  epithelial  energy  metab- 
oitte  levels.  In  this  study,  In  order  to  examine  wave¬ 
length  and  dose  dependency  issues  concerning  meta¬ 
bolic  effects  of  UVR,  exposures  were  made  at  four 
different  wavelengths  (290,  300,  310  and  360  nm)  and 
five  different  msar  radiant  exposures  (O.OS,  0.10, 0.15, 
0.20,  and  0.25  J-cm'*).  Pre-  and  postexposure  levels 
of  relative  metabolie  activity  of  the  corrwal  epithelium 
were  monitored  In  vfvo  by  recording  the  comeal  oxygen 
uptake  rale  with  a  micrapolarographie  electrode.  A 
paired  ilifference  aiMlyais  demonstrated  a  decrease  In 
relative  comeal  rmtabolic  activity  that  was  both  wave¬ 
length-  and  dose-rlependerrt.  These  relative  metaboOc 
effects  provide  some  Insight  toward  the  understanding 
of  underlying  damage  mechanisms,  and  Imply  a 
broader  radiant  energy  susceptibility  range  of  the  eye 
than  previously  thought 

Key  Words:  cornea,  metabolic  activity,  oxygen  uptake 
rate,  protection,  ultraviolet  radiation 


The  electromagnetic  spectrum  has  been  divided 
into  a  number  of  discrete  regions  based  ''n  ave- 
length.  The  regions  labeled  as  UV,  vir  ;>:e,  n-id 
infrared  are  of  immediate  interest  for  th  • 
cerned  about  ocular  effects  of  nonionizing  -  nt 
energy.  Shorter  wavelength  radiation  has  a  higher 
potential  energy'  and,  therefore,  a  greater  capacity 
for  tissue  damage,  if  absorbed.  As  a  result,  the  UV 
region  has  gained  more  investigative  attention  than 
the  others.  The  UV  region  has  been  subdivided  into 
several  bands  based  on  apparent  biologic  effect: 
UV-C,  200  to  290  nm;  UV-B,  290  to  320  nm;  and 
UV-A,  320  to  400  nm.  Although  these  divisions  are 
not  agreed  upon  absolutely  because  of  some  phe¬ 
nomenological  variation,  generally  the  terminology 
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has  been  accepted.  Research  techniques  have  be¬ 
come  increasingly  sophisticated,  allowing  the  detec¬ 
tion  of  subtle  functional  changes  that  can  occur  in 
response  to  corneal  stress  or  insult.  These  meth¬ 
odologies  have  introduced  the  possibility  of  detect¬ 
ing  changes  in  corneal  function  as  a  result  of  UV 
radiant  exposures  that  may  not  necessarily  result 
in  histologically  detectable  damage. 

The  action  spectrum  for  histologically  detectable 
corneal  damage  from  exposure  to  UVR  has  been 
said  to  begin  at  210  nm  and  extend  to  315  nm.^~^ 
Previously  the  corneal  radiant  exposure  data  above 
320  nm  have  not  been  considered  part  of  the  action 
siiectrum  of  the  cornea  because  the  exposure  levels 
necessary  to  produce  minimal  histologic  damage  to 
the  cornea  are  comparably  high." 

However,  recent  data  demonstrate  an  alteration 
of  corneal  epithelial  energy  metabolites  in  the  pig¬ 
mented  rabbit  exposed  in  vivo  to  UVR  up  to  360 
nm  at  radiant  exposures  that  exceeded,  were  at,  or 
were  below  histologic  damage  threshold  values.* 
This  finding  suggests  the  need  for  increased  inves¬ 
tigative  attention  toward  the  effects  of  UVR,  Most 
discussions  of  UVR  center  on  histologic  findings 
and  cell  death;  the  study  of  previously  undetectable 
functional  changes  may  reveal  information  con¬ 
cerning  the  underlying  damage  mechanismCs)  of 
UVR,  and  shed  light  on  possible  recovery  processes. 

The  four  experimental  wavelengths  (290,  300, 
310,  and  360  nm)  were  chosen  based  on  an  interest 
in  maintaining  an  environmental  relevance,  inas¬ 
much  as  290  nm  UVR  and  above  can  be  found  at 
the  earth’s  surface.'"  An  additional  factor  was  the 
intention  of  creating  a  distinctive  span  of  effects 
because  the  corneal  thresholds  for  histologic  dam¬ 
age  (Hr)  vary  considerably.  The  corneal  radiant 
exposure  He  in  the  rabbit  ranges  from  0.012  J-cm"* 
at  290  nm  to  0.022  J-cm"’  at  300  nm  to  0.05  J- 
cm"'  at  310  nm  to  near  65  J-cm"'  at  360  nm.  By 
varying  both  the  wavelength  and  the  radiant  ex¬ 
posure,  it  was  predicted  that  effects  on  the  oxygen 
uptake  rate  might  vary  from  severe  at  290  nm  to 
moderate  at  300  and  310  nm  to  nonexistent  at  360 
nm.  Lastly,  the  source  output  happens  to  peak  in 
these  regions,  thereby  helping  minimize  some  of 
the  time  differences  typical  of  a  noncoherent  source 
exposure. 
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METHODS 

Exposure  Instrumentation 

Source  calibration  and  radiometric  quantifica¬ 
tion  duplicated  the  procedures  described  by  Pitts  et 
al.’  The  UVHR  source  was  a  5000  W  xenon-mercury 
(Xe-Hg)  high  pressure  arc  lamp,  powered  by  a  10 
kW  direct  current  power  supply  regulated  to  ±0.6%, 
and  capable  of  delivering  from  0  to  80  amps  at  25 
to  65  V  to  the  arc  electrodes.  The  lamp  housing  was 
cooled  by  a  double  blower  system.  The  radiation 
from  the  source  was  focused  at  a  double  monoch¬ 
romator  entrance  slit  by  the  housing  optics.  A  10 
cm  quartz-enclosed  water  chamber  was  placed  be¬ 
tween  the  focusing  lenses  and  the  monochromator 
to  remove  the  infrared  radiation.  The  exit  optical 
beam  was  focused  by  a  quartz  lens  with  a  beam  size 
of  1.6  by  1.8  cm  at  the  plane  of  the  experimental 
animal’s  cornea. 

The  desired  UVR  waveband  was  obtained  with  a 
Czemy-Turner  double  grating  monochromator 
(model  25-100;  Jarrell  Ash  Division,  Fisher  Scien¬ 
tific,  Waltham,  MA)  possessing  a  double  mirror 
setup  with  gratings  blazed  at  300  tun  and  grooved 
with  1180  grooves  per  nm,  allowing  approximately 
a  5.0-nm  bandpass.  The  linear  dispersion  equates 
to  a  value  of  0.82  nm  per  millimeter.  Entrance, 
intermediate,  and  exit  slits  were  set  to  pass  a  nom¬ 
inal  full  bandpass  of  6.6  nm.  The  double  monoch¬ 
romator  system  was  aligned  with  a  helitim-neon 
laser  and  the  wavelength  counter  was  calibrated 
with  a  mercury  source. 

Exposure  durations  were  set  with  a  Gerbands 
electronic  shutter  (Ralph  Gerbands  Co.  Inc.,  Ar¬ 
lington,  WLA)  controlled  by  a  Hewlett-Packard 
mcSel  5330B  preset  counter.  The  present  counter 
allowed  exposure  durations  of  any  desired  length 
with  millisecond  accuracy. 

Source  Measurement 

An  Eppley  16  junction  thermopile  (Eppley  Lao- 
oratory  Inc.,  Salem,  MA),  traceable  to  a  National 
Bureau  of  Standards  standard  source,  was  used  to 
characterize  the  spectral  irradiance  of  the  UVR 
source.  When  taking  the  spectral  irradiance  read¬ 
ings,  the  thermopile  was  placed  in  the  same  position 
relative  to  the  monochromator  exit  port  as  the 
rabbit’s  cornea  was  to  be  situated  during  UVR 
exposure.  The  irradiance  (E.),  in  watts  per  square 
centimeter  (W-cm"*),  incident  on  the  thermopile 
was  determined  by  the  following  relation; 

E.  =  kV,. 

The  value  “k”  represents  the  thermopile  calibration 
constant  in  microwatts  per  square  centimeter  per 
microvolt  (MW-cm'^  MV"'),  whereas  the  /alue  “V,” 
represents  the  thermopile-voltmeter  reading  in  mi¬ 
crovolts  (mV).  The  calibration  constant  for  the  ther¬ 
mopile  used  in  this  experiment  was  5.131  (tW- 
cm'^  MV'*.  The  radiant  exposure  (H),  in  Joules  per 
square  centimeter,  was  calculated  by  the  formula  H 
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=  E;,t.  The  value  “t”  is  simply  time  in  seconds;  it 
should  be  kept  in  mind  that  a  Joule  is  a  watt- 
second.  Therefore,  for  a  given  irradiance  (E,),  the 
exposure  duration  (t)  can  be  varied  to  obtain  dif¬ 
ferent  values  of  radiant  exposure  (H)  as  desired. 
The  above  means  of  output  characterization  and 
source  calibration  was  estimated  to  have  a  ±10% 
accuracy. 

The  variation  of  t  in  order  to  obtain  a  constant 
“H,”  in  the  context  of  the  wavelengths  used  in  this 
experiment,  creates  an  outcome  that  is  somewhat 
dependent  upon  the  validity  of  the  principle  of 
reciprocity  (i.e.,  the  biologic  effects  or  endpoints 
are  independent  of  exposure  time  and  irradiiuice). 
Comeal  effects  of  a  krypton-ion  laser,  with  simul¬ 
taneous  output  at  350.7  and  356.4  nm  (3:1  ratio), 
illustrates  that  the  product  of  threshold  intensity 
and  the  pulsewidth  is  a  constant;  the  thresholds  for 
multi-pulse  exposures  have  been  shown  to  be  in 
agreement  with  those  for  single-pulse  exposures." 
A  similar  corneal  damage  pattern  can  be  elicited 
from  helium-cadmium  laser  data  at  325  nm."  Based 
on  the  literature,  it  is  reasonable  to  assume  that 
reciprocity  holds  for  all  four  UVR  wavelengths  used 
in  this  experiment. 

Experimental  Animals 

Healthy,  adult,  pigmented  New  Zealand  rabbits 
were  used  as  the  experimental  animals.  All  animals 
were  procured  from  a  single  source  to  ensure  con¬ 
stant  breeding  practices.  The  animals  were  housed 
in  NIH-approv^  quarters  under  normal,  controlled 
(12  h  on,  12  h  off)  lighting  conditions.  The  animals 
were  maintained,  and  the  experiments  were  con¬ 
ducted  in  accordance  with  procedures  outlined  in 
the  “Guide  for  Laboratory  Animal  Facilities  and 
Care”  of  the  National  Research  Council,  National 
Academy  of  Sciences.  Anesthesia  was  maintained 
throughout  the  course  of  the  experiment  with  in¬ 
tramuscular  injections  of  Ketalar  (ketamine  hydro¬ 
chloride)  (10  mg/kg)  and  Rompun  (5  mg/kg). 

Before  exposure,  each  eye  was  examined  with  a 
biomicroscope;  animals  with  anomalies  of  the  cor¬ 
nea  were  rejected.  The  animals  were  restrained  in 
a  specially  designed  holder  with  only  one  eye  per 
animal  being  exposed.  The  cornea  was  centered 
normal  to  the  monochromator  exit  beam  while  the 
monochromator  was  set  in  the  visible  range.  The 
eye  then  was  exposed  to  UVR  at  one  of  the  four 
experimental  wavelengths  (290,  300,  310,  or  360 
nm)  for  specific,  predetermined  radiant  exposure 
durations.  All  exposure  sessions  took  place  at  the 
same  time  of  day  for  each  experimental  group,  with 
ambient  illuminance  kept  constant  for  all  0]  uptake 
studies. 

Oxygen  Electrode 

The  micropolarographic  oxygen  probe  consisted 
of  a  platinum  cathode  (25  Mm  ^ameter)  and  a  silver 
anode  embedded  in  a  plastic  carrier.  A  potassium 
chloride  (KCl)  solution  served  as  an  electrolytic 
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bridge  between  the  cathode  and  the  anode.  An 
oxygen -permeable  polyethylene  membrane,  25  /im 
thick,  effectively  sealed  the  entire  electrode-KCl 
assembly  into  one  operating  unit.  The  micropolar- 
ographic  system  was  similar  to  that  used  by  Ben¬ 
jamin  and  Hill.' ' 

The  experimental  procedure  involved  applying 
the  probe  to  the  anterior  surface  of  the  corneal 
epithelium  of  the  living  anesthetized  rabbit.  The 
sensor,  when  applied  to  the  eye,  provided  a  limited 
reservoir  of  oxygen  for  the  underlying  tissue.  The 
average  rate  of  oxygen  depletion  from  the  sensor 
reservoir,  between  recordings  of  140  mm  Hg  and  40 
mm  Hg,  and  after  correction  for  the  system-specific 
time  constant,  became  the  measure  of  the  comeal 
oxygen  uptake  rate.  This,  in  turn,  represents  only 
a  relative  measure  of  the  aerobic  requirement  of  the 
cornea,  because  the  extent  that  the  epithelium, 
stroma,  and  endothelium  each  contribute  to  the 
corneal  oxygen  uptake  rate  has  not  been  adequately 
established.  Published  estimates  for  the  epithelium 
range  from  55%'^  to  70%, **  with  an  unpublished 
estimate  ranging  as  high  as  93%  (WJ  Benjamin 
and  M  Zagrod,  personal  communication,  1988). 

Micropolarographic  Application 

The  eyes  of  16  rabbits  were  exposed  in  vivo  to 
specific  exposure  levels  of  UVR.  There  were  four 
rabbits  in  each  experimental  group.  Before  UVR 
exposure,  five  baseline  oxygen  uptake  recordings 
were  made  for  each  eye  in  the  fashion  previously 
described.  Oxygen  uptake  recordings  were  made 
again,  2  min  after  UVR  exposure  was  discontinued, 
enabling  the  experimenter  to  compare  the  change 
in  oxygen  uptake  rate  resulting  from  the  UVR 
exposure.  The  uptake  rate  values  were  subjected  to 
a  paired-difference  analysis.  Because  the  postex- 
posure  reading  was  a  “one-time”  reading,  the  stand¬ 
ard  error  of  the  mean  baseline  reading  was  used  as 
an  estimate  of  the  postexposure  error.  The  unex¬ 
posed  eyes  were  also  monitored  pre-  and  postexpo¬ 
sure  to  assess  the  stability  of  the  readings.  A  two- 
way  analysis  of  variance  was  performed  in  order  to 
estimate  differences  both  within  and  among  exper¬ 
imental  groups,  and  to  determine  the  presence  or 
absence  of  an  overall  effect  of  UVR  on  the  measured 
oxygen  uptake  rates. 

RESULTS 

The  radiant  exposure  for  all  experimental  wave¬ 
lengths  was  varied  from  0.10  to  0.25  J  cm'^  in  0.05 
J-cm'^'  steps.  The  mean  exposure  levels  were  se¬ 
lected  from  a  larger  data-set  that  examined  dose 
issues.  The  comeal  oxygen  uptake  rate  was  meas¬ 
ured  2  min  after  the  UVR  exposure  was  discontin¬ 
ued.  A  difference  comparison  between  the  pre-ex¬ 
posure  baseline  and  the  postexposuie  oxygen  up¬ 
take  rate  demonstrated  a  wavelength-  and  dose- 
specific  effect;  see  Table  1  for  a  summary  data 
chart. 

By  plotting  the  UVR-altered  corneal  oxygen  up- 


Tasle  1.  Comeal  oxygen  uptake  rate  data  * 


Wavelength 

(nm) 

Rediant  Exposure 

Decreased  Comeal 
Oxygen  Uptake 
Rate 

(mm  Hg  Oa  sec"’) 

SE 

(of  Baseline) 

290 

0.10 

-2.67 

0.22 

290 

0.15 

-3.47 

0.21 

290 

020 

-4.17 

0.21 

290 

025 

-4.81 

0.23 

300 

0.10 

-1.08 

0.22 

300 

0.15 

-1.43 

0.20 

300 

0.20 

-1.75 

0.21 

300 

0.25 

-2,05 

0.21 

310 

0.10 

-0.57 

0.21 

310 

0.15 

-0.76 

0.20 

310 

0.20 

-0.95 

0.21 

310 

025 

-1.12 

0.23 

360 

0.10 

-0.10 

0.23 

360 

0.15 

-0.16 

0.20 

360 

0.20 

-0.21 

0^2 

360 

0.25 

-0.26 

0.22 

*  Summary  data  chan  outining  the  four  wavelengths  and  four 
radiant  exposures  that  were  used,  plus  the  resultant  paired  de¬ 
crease  in  the  oxygen  uptake  rate.  The  SE  is  from  the  pre-exposure 
baseline  data  and  is  reported  in  an  attempt  to  portray  at  least  an 
estimate  ot  the  experimental  entx.  This  same  comment  appies 
to  the  error  bars  seen  in  both  Fig.  1  and  Fig.  2. 

take  rate  data  as  a  function  of  wavelength,  and  by 
making  separate  data-sets  for  each  radiant  expo¬ 
sure,  a  “family”  of  plots  is  obtained  (Fig.  1).  A  two- 
way  analysis  of  variance  demonstrated  an  overall 
significant  between -groups  difference  (p  <  0.0001), 
as  well  as  revealed  an  interactive  effect  between 
wavelength  and  dose  (p  <  0.005).  Unexposed  eyes 
exhibited  no  significant  change  in  corneal  oxygen 
uptake  rates  over  the  course  of  the  experiment. 

DISCUSSION 

Fig.  1  presents  the  decrease  in  corneal  oxygen 
uptake  rate  as  a  function  of  wavelength  with  sepa¬ 
rate  plots  for  each  level  of  radiant  exposure.  The 
alteration  in  comeal  oxygen  uptake  is  both  wave¬ 
length-  and  dose-dependent,  suggesting  the  pres¬ 
ence  of  at  least  two  different  mechanisms  of  action, 
based  on  the  differentiation  of  the  three  regions  of 
the  UV  spectrum  as  discussed  in  the  introduction. 
The  importance  here  is  that  different  proposed 
damage  mechanisms,  unique  to  the  different  re¬ 
gions  of  the  UV  spectrum,  appear  to  have  the 
common  effect  of  decreasing  the  corneal  oxygen 
uptake  rate  and,  presumably,  metabolic  activity. 
Speculation  regarding  the  possible  mechanism(s) 
responsible  for  this  alteration  in  oxygen  uptake 
would  have  to  take  into  account  the  fact  that  the 
change  was  registered  2  min  after  the  exposure  was 
discontinued. 

Current  damage  mechanism  theories  involve 
DNA  structural  alteration,'" generalized  changes 
in  enzymatic  activity,'*  ”  and/or  changes  in  mito¬ 
chondrial  activity.”  **  Because  the  metabolic  alter¬ 
ation  suggested  by  the  decrease  in  the  comeal  oxy¬ 
gen  uptake  rate  is  essentially  immediate,  it  would 
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Wavelength-  and  Dose— Dependency  Effects 
of  DVR  on  the  Corneal  Oxygen  Uptake  Rate 


Wavelength  (nm) 

Figure  1.  The  1 6  data  points  depict  four  'families'  of  curves  ascending  toward  normal  levei*:  of  comeal  oxygen  uptake 
as  the  UVR  dose  decreases  and  as  the  UVR  wavelength  increases.  The  error  bars  represent  the  SE  of  the  pre^xposure 
baseline  mean  before  the  difference  analysis. 


be  unlikely  that  DNA  structural  alteration  is  re¬ 
sponsible.  A  change  in  overall  enzymatic  activity, 
or  a  change  in  mitochondrial  activity,  or  both  mech¬ 
anisms  acting  “in  concert”  could  be  responsible  for 
this  UVR-induced  decrease  in  the  measured  corneal 
oxygen  uptake  rate. 

The  demonstrated  UVR-altcration  of  the  corneal 
oxygen  uptake  rate  implies  an  alteration  in  the 
relative  metabolic  activity  that  is  graded  in  nature, 
suggesting  the  absence  of  a  true  threshold  effect. 
Therefore,  even  a  minimal  dose  could  have  some 
detrimental  effect  on  corneal  tissue  function.  When 
an  already  metabolically  stressed  cornea  is  exposed 
to  a  radiation  source  for  a  prolonged  period  of  time, 
the  adverse  metabolic  effect  may  be  compounded. 
This  has  potential  clinical  significance  when  ap¬ 
plied  to  contact  lens  wearers;  extended  periods  of 
outdoor  activity  could  be  subjecting  the  cornea  to  a 
doubly  stressful  situation:  decreased  oxygen  avail¬ 
ability  as  a  result  of  contact  lens  wear,  and  de¬ 
creased  oxygen  utilization  as  a  result  of  the  sun¬ 
light’s  radiant  energy.  Although  the  conclusion  that 
UVR  is  capable  of  causing  a  decrease  in  metabolic 
activity  is  specific  to  the  cornea,  it  might  be  more 
generally  extended  to  other  tissues. 

UV-A  has  been  clearly  linked  with  cataract  de¬ 
velopment  associated  with  certain  phototoxic  phar¬ 
maceutical  compounds.”'^^  Evidence  also  has  been 
presented  for  the  noninteractive  induction  of  cata¬ 
racts  by  both  UV-B“  and  UV-A.“  Although  epi¬ 
demiologic  studies  have  sought  to  establish  a  pos¬ 
sible  relation  between  sunlight  exposure  and  cata¬ 
ract  prevalence,"'^*  some  investigators  have 
suggested  the  presence  of  a  specific  link  between 
sunlight  exposure  and  individual  cataract  develop¬ 
ment.”**  The  retina,  as  well,  has  been  shown  to  be 

120  OPTOMETRY  A  VISION  SCIENCE 


subject  to  damage  as  a  result  of  exposure  to  radiant 
energy;  by  UV-B  exposure,**  '*®  as  well  as  by  UV-A 
exposure.** 

In  fact,  some  of  these  experimental  UVR  expo¬ 
sures  have  induced  cataracts  or  caused  retinal  dam¬ 
age  at  levels  close  to  those  available  from  midday 
solar  exposure.*®  In  addition,  visible  radiation  has 
been  implicated  in  retinal  damage  processes.**'" 
Further  research  along  this  line  might  provide  sig¬ 
nificant  steps  toward  understanding  the  mecha¬ 
nism  of  blue  light  damage  to  the  retina.*’  ®'  "'" 

The  fact  that  computerized  extrapolations  of  the 
data  plots  illustrated  in  Fig.  1  intersect  the  pre- 
exposure,  normalized  baseline  at  a  mean  wave¬ 
length  of  447  nm  (Fig.  2)  suggests  that  the  cornea 
could  be  vulnerable  to  a  decrease  in  metabolic  ac¬ 
tivity  when  exposed  to  radiation  extending  into  the 
visible  spectrum.  The  results  of  this  study  highlight 
the  issue  of  adequate  visual  protection.  At  one  time 
320  nm  was  considered  to  be  an  adequate  protection 
cut-off  value  for  the  entire  eye.®  Later  studies  re¬ 
vealed  340  to  360  nm  radiation  to  be  potentially 
harmful  to  the  eye  in  general.*'®’  ®®  Now  it  is  inti¬ 
mated  that  short  wavelength,  visible  radiation 
might  be  stressful  to  the  cornea,  and  perhaps  sim¬ 
ilarly  affect  other  ocular  tissues.  In  conclusion,  ail 
UVR  sources  (including  some  recently  publicized 
diagnostic  systems),®''®*  and  perhaps  visible  short 
wavelength  sources  as  well,  regardless  of  the  energy 
ou^ut  or  the  waveband,  should  be  regarded  with 
greater  caution  and  used  in  a  more  prudent  fashion. 
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Extrapolated  Projertion  to  Baseline 
of  UVR-Altered  Corneal  Oxygen  Uptake  Rates 


Wavelength  (nm) 

Figure  2.  An  extrapolated  regression  analysis  of  the  four  UVR  wavelength  groups  reveals  a  mean  return  to  baseline 
at  447  nm,  suggestirtg  a  metabolic  efficacy  of  short  wavelength,  visible  radiation.  Again,  the  error  bars  represent  the  SE 
of  the  pre-exposure  baseline  mean  before  the  difference  analysis. 
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of  Environmental  Medicine 
Natick,  MA  01760 


U.S.  Army  Avionics  Research 
and  Development  Activity 
ATTN:  SAVAA-P-TP 
Fort  Monmouth,  NJ  07703-5401 


U.S.  Army  Research  and  Developmen 
Support  Activity 
Fort  Monmouth,  NJ  07703 


Chief,  Benet  Weapons  Laboratory 
LCWSL,  USA  ARRADCOM 
ATTN:  DRDAR-LCB-TL 
Watervliet  Arsenal,  NY  12189 

Commander 

Man-Machine  Integration  System 
Code  602 

Naval  Air  Development  Center 
Warminster,  PA  18974 


Commander 

Naval  Air  Development  Center 
ATTN:  Code  6021  (Mr.  Brindle) 

Warminster,  PA  18974 

Commanding  Officer 
Harry  G.  Armstrong  Aerospace 
Medical  Research  Laboratory 
Wright-Patterson 

Air  Force  Base,  OH  45433 

Director 

Army  Audiology  and  Speech  Center 
Walter  Reed  Army  Medical  Center 
Washington,  DC  20307-5001 
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Director 

Walter  Reed  Army  Institute 
of  Research 

Washington,  DC  20307-5100 


HQ  DA  (DASG-PSP-0) 

5109  Leesburg  Pike 

Falls  Church,  VA  22041-3258 


Naval  Research 

Laboratory  Library 
Code  1433 

Washington,  DC  20375 

Harry  Diamond  Laboratories 
ATTN:  Technical  Infor¬ 
mation  Branch 
2800  Powder  Mill  Road 
Adelphi,  MD  20783-1197 


U.S.  Army  Materiel  Systems 
Analysis  Agency 
ATTN:  Reports  Processing 
Aberdeen  proving  Ground 
MD  21005-5017 


U.S.  Army  Ordnance  Center 
and  School  Library 
Building  3071 
Aberdeen  Proving  Ground, 
MD  21005-5201 


U.S.  Army  Environmental  Hygiene 
Agency 

Building  E2100 
Aberdeen  Proving  Ground, 

MD  21010 


Technical  Library 
Chemical  Research 

and  Development  Center 
Aberdeen  Proving  Ground, 
MD  21010-5423 


Commander 

U.S.  Army  Institute 
of  Dental  Research 
Walter  Reed  Army  Medical  Center 
Washington,  DC  20307-5300 

Naval  Air  Systems  Command 
Technical  Air  Library  950D 
Rm  278,  Jefferson  Plaza  II 
Department  of  the  Navy 
Washington,  DC  20361 

Naval  Research  Laboratory  Library 
Shock  and  Vibration  Infor¬ 
mation  Center,  Code  5804 
Washington,  DC  20375 

Director 

U.S.  Army  Human  Engineer¬ 
ing  Laboratory 
ATTN:  Technical  Library 
Aberdeen  Proving  Ground, 

HD  21005-5001 

Commander 
U.S.  Army  Test 

and  Evaluation  Command 
ATTN :  AMSTE-AD-H 

Aberdeen  Proving  Ground, 

MD  21005-5055 

Director 

U.S.  Army  Ballistic 
Research  Laboratory 
ATTN:  DRXBR-OD-ST  Tech  Reports 

Aberdeen  Proving  Ground, 

MD  21005-5066 

Commander 

U.S.  Army  Medical  Research 

Institute  of  Chemical  Defense 
ATTN:  SGRD-UV-AO 

Aberdeen  Proving  Ground, 

MD  21010-5425 

Commander 

U.S.  Army  Medical  Research 
and  Development  Command 
ATTN:  SGRD-RMS  (Ms.  Madigan) 

Fort  Detrick,  Frederick, 

MD  21701 
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Commander 

U.S.  Army  Medical  Research 

Institute  of  Infectious  Diseases 
Fort  Detrick,  Frederick, 

MD  21701 


Director,  Biological 
Sciences  pivision 
Office  of  Naval  Research 
600  North  Quincy  Street 
Arlington,  VA  22217 

Commander 

U.S-  Army  Materiel  Command 
ATTN :  AMCDE-XS 

5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

Commandant 
U.S.  Army  Aviation 
Logistics  School 
ATTN :  ATSQ-TDN 

Fort  Eustis,  VA  23604 

U.S.  Army  Training 

and  Doctrine  Command 
ATTN:  ATCD-ZX 
Fort  Monroe,  VA  23651 

Structures  Laboratory  Library 
USARTL-AVSCOM 

NASA  Langley  Research  Center 
Mail  Stop  266 
Hampton,  VA  23665 

Naval  Aerospace  Medical 
Institute  Library 
Bldg  1953,  Code  102 
Pensacola,  FL  32508 

Command  Surgeon 
U.S.  Central  Command 
MacDill  Air  Force  Base 
FL  33608 


Air  University  Library 
(AUL/LSE) 

Maxwell  AFB,  AL  36112 


Commander 

U.S.  Army  Biomedical  Research 
and  Development  Laboratory 
ATTN:  SGRD-UBZ-I 

Fort  Detrick,  Frederick, 

MD  21701 

Defense  Technical 

Information  Center 
Cameron  Station 
Alexandria,  VA  22313 


U.S.  Army  Foreign  Science 
and  Technology  Center 
ATTN:  MTZ 

220  7th  Street,  NE 
Charlottesville,  VA  22901-5396 

Director, 

Applied  Technology  Laboratory 
USARTL-AVSCOM 

ATTN:  Library,  Building  401 
Fort  Eustis,  VA  23604 

U.S.  Army  Training 

and  Doctrine  Command 
ATTN :  Surgeon 
Fort  Monroe,  VA  23651-5000 

Aviation  Medicine  Clinic 

TMC  #22,  SAAF 

Fort  Bragg,  NC  28305 


U.S.  Air  Force  Armament 

Development  and  Test  Center 
Eglin  Air  Force  Base,  FL  32542 


U.S.  Army  Missile  Command 
Redstone  Scientific 
Information  Center 
ATTN;  Documents  Section 
Redstone  Arsenal,  AL  35898-5241 

U.S.  Army  Research  and  Technology 
Labortories  (AVSCOM) 

Propulsion  Laboratory  MS  302-2 
NASA  Lewis  Research  Center 
Cleveland,  OH  44135 
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AFAMRL/HEX 

Wright-Patterson  AFB,  OH  45433 


University  of  Michigan 
NASA  Center  of  Excellence 
in  Man-Systems  Research 
ATTN;  R.  G.  Snyder,  Director 
Ann  Arbor,  MI  48109 

John  A.  Dellinger, 

Southwest  Research  Institute 

P.  O.  Box  28510 

San  Antonio,  TX  78284 

Product  Manager 

Aviation  Life  Support  Equipment 
ATTN:  AMCPM-ALSE 
4300  Goodfellow  Blvd. 

St.  Louis,  MO  63120-1798 


Commander 

U.S.  Army  Aviation 
Systems  Command 
ATTN;  AMSAV-ED 
4300  Goodfellow  Blvd 
St.  Louis,  MO  63120 


Commanding  Officer 

Naval  Biodynamics  Laboratory 

P.O.  Box  24907 

New  Orleans,  LA  70189 


U.S.  Army  Field  Artillery  School 
ATTN :  Library 

Snow  Hall,  Room  14 
Fort  Sill,  OK  73503 


Commander 

U.S.  Army  Health  Services  Command 
ATTN:  HSOP-SO 

Fort  Sam  Houston,  TX  78234-6000 


U.S.  Air  Force  Institute 
of  Technology  (AFIT/LDEE) 
Building  640,  Area  B 
Wright-Patterson  AFB,  OH  45433 

Henry  L.  Taylor 

Director,  Institute  of  Aviation 
University  of  Illinois- 
Willard  Airport 
Savoy,  IL  61874 

COL  Craig  L.  Urbauer,  Chief 
Office  of  Army  Surgeon  General 
National  Guard  Bureau 
Washington,  DC  50310-2500 

Commander 

U.S.  Army  Aviation 
Systems  Command 
ATTN:  SGRD-UAX-AL  (MAJ  Lacy) 

4300  Goodfellow  Blvd. ,  Bldg  105 
St.  Louis,  MO  63120 

U.S.  Army  Aviation  Systems  Command 
Library  and  Information 
Center  Branch 
ATTN:  AMSAV-DIL 
4300  Goodfellow  Blvd 
St.  Louis,  MO  63120 


Federal  Aviation  Administration 
Civil  Aeromedical  Institute 
CAMI  Library  AAC  64D1 
P.O.  Box  25082 
Oklahoma  City,  OK  73125 

Commander 

U.S.  Army  Academy 

of  Health  Sciences 
ATTN :  Library 
Fort  Sam  Houston,  TX  78234 

Commander  ^ 

U.S.  Army  Institute 

of  Surgical  Research 
ATTN:  SGRD-USM  (Jan  Duke)  ] 

Fort  Sam  Houston,  TX  78234-6200  | 
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Director  of  Professional  Services 
AFMSC/GSP 

Brooks  Air  Force  Base,  TX  78235 


U.S.  Army  Dugway  Proving  Ground 
Technical  Library 
3Bldg  5330 
Dugway,  UT  84022 

U.S.  Army  Yuma  Proving  Ground 
Technical  Library 
Yuma,  AZ  85364 


AFFTC  Technical  Library 
6520  TESTG/ENXL 
Edwards  Air  Force  Base, 
CAL  93523-5000 


Commander 
Code  3431 

Naval  Weapons  Center 
China  Lake,  CA  93555 

Aeromechanics  Laboratory 
U.S.  Army  Research 
and  Technical  Labs 
Ames  Research  Center, 

M/S  215-1 

Moffett  Field,  CA  94035 

Sixth  U.S.  Army 
ATTN :  SMA 

Presidio  of  San  Francisco, 

CA  94129 

Commander 

U.S.  Army  Aeromedical  Center 
Fort  Rucker,  AL  36362 


Commander ,  U.S.  Army 
Aviation  Center 
Directorate 

of  Combat  Developments 
Bldg  507 


U.S.  Air  Force  School 
of  Aerospace  Medicine 
Strughold  Aeromedical  Library 
Documents  Section,  USAFSAM/TSK-4 
Brooks  Air  Force  Base,  TX  78235 

Dr.  Diane  Damos 
Department  of  Human  Factors 
ISSM,  use 

Los  Angeles,  CA  90089-0021 

U.S.  Army  White  Sands 
Missile  Range 

Technical  Library  Division 
White  Sands  Missile  Range, 

NM  88002 

U.S.  Army  Aviation  Engineering 
Flight  Activity 
ATTN:  SAVTE-M  (Tech  Lib) 

Stop  217 

Edwards  Air  Force  Base, 

CA  93523-5000 

Ms.  Sandra  G.  Hart 
Ames  Research  Center 
MS  239-5 

Moffett  Field,  CA  94035 
Commander 

Letterman  Army  Institute 
of  Research 

ATTN:  Medical  Research  Library 
Presidio  of  San  Francisco, 

CA  94129 

Director 

Naval  Biosciences  Laboratory 
Naval  Supply  Center,  Bldg  844 
Oakland,  CA  94625 

Commander 

U.S.  Army  Medical  Materiel 
Development  Activity 
Fort  Detrick,  Frederick, 

MD  21701-5009 


Directorate 

of  Training  Development 
Bldg  502 
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Fort  Rucker,  AL  36362 
Chief 

Amy  Research  Institute 
Field  Unit 

Fort  Rucker,  AL  36362 
Commander 

U.S.  Amy  Safety  Center 
Fort  Rucker,  AL  36362 


U.S.  Amy  Aircraft  Development 
Test  Activity 
ATTN;  STEBG-MP-QA 
Cairns  AAF 

Fort  Rucker,  AL  36362 
Commander 

U.S.  Amy  Medical  Research 
and  Development  Command 
ATTN;  SGRD-PLC  (COL  Sedge) 

Fort  Detrick,  Frederick 
MD  21701 


Fort  Rucker,  AL  36362 
Chief 

Human  Engineering  Laboratory 
Field  Unit 

Fort  Rucker,  AL  36362 
Commander 

U.S.  Amy  Aviation  Center 
and  Fort  Rucker 
ATTN;  ATZQ-T-ATL 
Fort  Rucker,  AL  36362 

President 

U.S.  Amy  Aviation  Board 
Cairns  AAF 

Fort  Rucker,  AL  36362 
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